for the TAMI Study Group Recent trials of myocardial reperfusion using single-agent thrombolytic therapy and sequential cardiac catheterization have supported a conservative approach to the patient with acute myocardial infarction. To evaluate combination thrombolytic therapy and the role of a previously untested strategy for the aggressive use of cardiac catheterization, we performed a multicenter clinical trial with a 3 x2 factorial design in which 575 patients were randomly allocated to one of three drug regimens-tissue-type plasminogen activator (t-PA) (n=191), urokinase (n=190), or both (n= 194) -and one of two catheterization strategiesimmediate catheterization with angioplasty for failed thrombolysis (n=287) or deferred predischarge catheterization on days 5-10 (n=288). Patients with contraindications to thrombolytic therapy, cardiogenic shock, or age of more than 75 years were excluded. Global left ventricular ejection fraction was well preserved and almost identical at predischarge catheterization (54%), regardless of the catheterization or thrombolytic strategy used (p=0.98). Combination thrombolytic therapy was associated with a less complicated clinical course, most clearly documented by a lower rate of reocclusion (2%) compared with urokinase (7%) and t-PA (12%) (p=0.04) and a lower rate of recurrent ischemia (25%) compared with urokinase (35%) and t-PA (31%). When a composite clinical end point (e.g., death, stroke, reinfarction, reocclusion, heart failure, or recurrent ischemia) was examined, combination thrombolytic therapy was associated with greater freedom from any adverse event (68%) compared with either single agent (urokinase, 55%; t-PA, 601%) (p=0.04) and with a less complicated clinical course when the composite clinical end points were ranked according to clinical severity (p=0.024). Early patency rates were greater with combination therapy, although predischarge patency rates after considering interventions to maintain patency were similar among drug regimens. No difference in bleeding complication rates was observed with any thrombolytic regimen. The aggressive catheterization strategy led to an overall early patency rate of 96% and a predischarge patency rate of 94% compared with a 90% predischarge patency in the conservative strategy (p=0.065). The aggressive strategy improved regional wall motion in the infarct region (-2.16 SDs/chord) compared with deferred catheterization (-2.49 SDs/chord) (p=0.004). More patients treated with the aggressive strategy were free from adverse outcomes (67% versus 55% in the conservative strategy, p=0.004), and the clinical course was less complicated when the adverse outcomes were ranked according to severity (p=0.016). No significant increase in use of blood products resulted from the aggressive strategy. We conclude that combination thrombolytic therapy is effiective for achieving early and sustained infarct artery patency and for reducing the incidence of in-hospital complications. The aggressive catheterization strategy may result in improved clinical outcomes, although further studies using noninvasive methods to detect lack of reperfusion and applying angiography in selected patients appear warranted. (Circulation 1991;83:1543-1556 
Recent trials of myocardial reperfusion using single-agent thrombolytic therapy and sequential cardiac catheterization have supported a conservative approach to the patient with acute myocardial infarction. To evaluate combination thrombolytic therapy and the role of a previously untested strategy for the aggressive use of cardiac catheterization, we performed a multicenter clinical trial with a 3 x2 factorial design in which 575 patients were randomly allocated to one of three drug regimens-tissue-type plasminogen activator (t-PA) (n=191), urokinase (n=190), or both (n= 194) -and one of two catheterization strategiesimmediate catheterization with angioplasty for failed thrombolysis (n=287) or deferred predischarge catheterization on days 5-10 (n=288). Patients with contraindications to thrombolytic therapy, cardiogenic shock, or age of more than 75 years were excluded. Global left ventricular ejection fraction was well preserved and almost identical at predischarge catheterization (54%), regardless of the catheterization or thrombolytic strategy used (p=0.98). Combination thrombolytic therapy was associated with a less complicated clinical course, most clearly documented by a lower rate of reocclusion (2%) compared with urokinase (7%) and t-PA (12%) (p=0.04) and a lower rate of recurrent ischemia (25%) compared with urokinase (35%) and t-PA (31%). When a composite clinical end point (e.g., death, stroke, reinfarction, reocclusion, heart failure, or recurrent ischemia) was examined, combination thrombolytic therapy was associated with greater freedom from any adverse event (68%) compared with either single agent (urokinase, 55%; t-PA, 601%) (p=0.04) and with a less complicated clinical course when the composite clinical end points were ranked according to clinical severity (p=0.024). Early patency rates were greater with combination therapy, although predischarge patency rates after considering interventions to maintain patency were similar among drug regimens. No difference in bleeding complication rates was observed with any thrombolytic regimen. The aggressive catheterization strategy led to an overall early patency rate of 96% and a predischarge patency rate of 94% compared with a 90% predischarge patency in the conservative strategy (p=0.065). The aggressive strategy improved regional wall motion in the infarct region (-2.16 SDs/chord) compared with deferred catheterization (-2.49 SDs/chord) (p=0.004). More patients treated with the aggressive strategy were free from adverse outcomes (67% versus 55% in the conservative strategy, p=0.004), and the clinical course was less complicated when the adverse outcomes were ranked according to severity (p=0.016). No significant increase in use of blood products resulted from the aggressive strategy. We conclude that combination thrombolytic therapy is effiective for achieving early and sustained infarct artery patency and for reducing the incidence of in-hospital complications. The aggressive catheterization strategy may result in improved clinical outcomes, although further studies using noninvasive methods to detect lack of reperfusion and applying angiography in selected patients appear warranted. (Circulation 1991;83:1543-1556) D espite the substantial survival benefit that intravenous thrombolytic therapy has achieved in clinical trials of acute myocardial infarction, 12 the preferred pharmacological regimen and the role of cardiac catheterization after thrombolytic therapy continue to be debated. 3 Previous studies have demonstrated that tissue-type plasminogen activator (t-PA), a relatively fibrin-specific agent, achieves a high early patency rate compared See p 1818 with the nonspecific agents streptokinase and urokinase,4-6 but these differences in patency rates diminish or disappear during the 24-hour period after treatment. 7 This eventual equivalence in patency appears to result from higher reocclusion rates with t-PA8-10 in addition to late opening of arteries and lower reocclusion rates with nonspecific agents.10 11 Furthermore, differences observed in left ventricular function and clinical outcomes among the different types of agents have been much smaller in magnitude than the differences in early patency rates. [12] [13] [14] [15] [16] We hypothesized that the combination of t-PA and urokinase would be a preferable thrombolytic regimen because of the high early patency rate achieved with t-PA and the low reocclusion rate associated with the addition of urokinase. In a pilot study, the combination of t-PA and urokinase resulted in a low reocclusion rate and a less complicated clinical course without an increase in bleeding. 17 Regardless of which thrombolytic regimen is used, the maximum early infarct vessel patency rate appears to be approximately 75-85%. The use of rescue angioplasty for vessels that fail to reperfuse can increase the patency rate to more than 95%,18-22 Three randomized clinical trials examining the use of early angiography or angioplasty after treatment with t-PA concluded that immediate use of angioplasty did not confer an advantage with regard to the standard clinical end points or left ventricular function.18,2324 Each of these trials used a strategy in which angioplasty was attempted in vessels that were patent early after thrombolytic therapy. No previous trial has evaluated a clinical strategy of early diagnostic catheterization with use of angioplasty only in patients with failure of early thrombolysis. The purpose of the present trial was to evaluate combination thrombolytic therapy versus monotherapy and an aggressive versus deferred cardiac catheterization strategy.
METHODS

Patient Population
The trial was conducted at seven regional cardiac referral centers in collaboration with 29 community hospitals (see "Appendix"). The protocol was approved by the institutional review boards at all participating sites. Enrollment began on April 8, 1988 , and ended on May 25, 1989 . Inclusion criteria were 1) symptoms compatible with acute myocardial infarction of 6 hours duration or less accompanied by an electrocardiogram with more than 1 mm (0.1 mV) ST segment elevation in two or more contiguous leads; 2) age of less than 76 years; 3) no contraindication to thrombolytic intervention, including prior stroke or other known intracranial disease, recent trauma or surgery, refractory hypertension, active bleeding, or prolonged (more than 10 minutes) cardiopulmonary resuscitation; 4) no prior coronary artery bypass graft surgery; 5) no prior Q wave infarction in the same distribution as the current infarction; and 6) absence of cardiogenic shock as defined by systolic blood pressure of less than 80 mm Hg with vasopressor requirement.
Randomization
After giving informed consent, patients were randomly assigned to both a thrombolytic regimen and a catheterization strategy. Randomization was accomplished by telephone contact with a cardiologist or nurse at the Thrombolysis and Angioplasty in Myocardial Infarction (TAMI) Coordinating Center. A permuted block, randomized design stratified only by regional center was used. Patients were assigned to receive intravenous urokinase, t-PA, or both. Simultaneously, they were assigned to either the aggressive cardiac catheterization strategy or the elective procedure (performed before discharge).
Urokinase (Abbokinase, Abbott Labs., Chicago) was given as a 1.5 -million-unit intravenous bolus followed by a 1.5-million-unit infusion over 90 minutes.6 t-PA (Activase, Genentech, South San Francisco, Calif.) was given as 60 mg in the first hour, with 6 mg as a bolus, and a 20-mg infusion every hour for the next 2 hours for a total dose of 100 mg. The combined therapy arm consisted of 1.5 million units urokinase over 60 minutes with 1 mg/kg t-PA (10% given as a bolus and a maximum dose of 90 mg) over 60 minutes. Combined thrombolytic therapy was given simultaneously via two separate intravenous lines.'7
The aggressive catheterization strategy mandated an effort to obtain an angiogram of the infarct vessel as close as possible to, but not before, 90 minutes from initiation of thrombolytic therapy. If pharmacological thrombolysis had failed in this strategy, rescue angioplasty was attempted if the vessel was considered suitable by the investigator. Thus, rescue angioplasty was attempted if Thrombolysis in Myocardial Infarction (TIMI) grade 0 or 1 flow was present at acute cardiac catheterization, the vessel was of adequate caliber, and no contraindications were present, including left mainstem stenosis in patients with left coronary infarct vessel location or lack of adequate identification of the culprit coronary artery in the setting of multiple vessel occlusion. If the vessel was patent, no coronary angioplasty was attempted unless clear evidence of severe ongoing ischemia was present. Most often, vascular access was obtained via the right femoral artery without central venous puncture unless angioplasty was performed, the patient was hemodynamically compromised requiring Swan-Ganz catheterization, or temporary transvenous pacing was needed. Only 5F or 6F Judkins catheters were used to perform angiography unless severe tortuosity of the peripheral arteries was present.
The deferred cardiac catheterization strategy required catheterization between 5 and 10 days after admission. Patients were eligible for urgent catheterization if one of the following events occurred: 1) symptoms compatible with myocardial ischemia lasting more than 20 minutes despite standard nitrate therapy and accompanied by either new ST segment changes or T wave changes on the electrocardiogram or by new hypotension, pulmonary edema, or holosystolic murmur; or 2) new pump failure manifested by sustained hypotension (systolic blood pressure of less than 90 mm Hg for 1 hour) or requirement for inotropic support for 1 hour without an obvious noncardiac cause.
To measure the primary end point of the trial, an effort was made to perform repeat catheterization before discharge on all patients, including those in the aggressive strategy group and those in the elective strategy group who required catheterization within 5 days.
In-Hospital Management
All patients were treated with 325 mg aspirin/day orally after entry into the trial, with the first dose given as soon as possible. Heparin was started at the end of the thrombolytic therapy infusion25 at a dose of 1,000 units/hr and maintained for at least 48 hours with the dose adjusted to maintain the activated partial thromboplastin time between 1.5-fold and twofold that of baseline. In the aggressive strategy, an additional 5,000 units heparin was given when vascular access was obtained; if rescue angioplasty was attempted, at least 2,000-5,000 more units/hr were given during the procedure. Prophylactic lidocaine was used in most patients with adjustment for liver disease, age, and heart failure. Nitrates and angiotensin converting enzyme inhibitors were used as clinically indicated. Patients were not given 18-blockers unless indicated for hypertension, arrhythmia, or refractory symptoms of ischemia to avoid a confound-Diltiazem was used in a dosage of 30-60 mg t.i.d. throughout the hospitalization.
Bleeding complications were observed carefully throughout the hospitalization. According to the concensus of the investigators, the protocol allowed transfusion with packed red blood cells only if the hematocrit decreased to 22% or less or if hemodynamic instability or recurrent ischemia not responsive to crystalloid infusion occurred with clinical evidence of significant blood loss.
Evaluation of Outcome
Patients were followed by study nurses throughout the hospitalization. Clinical events were recorded on case report forms and verified by independent study monitors who were without knowledge of the clinicians caring for the patients. The occurrence of any neurological deficit prompted a neurological consultation and a computed tomography scan, as dictated by protocol.
Neurological events were reviewed by an independent committee to classify the type of event. Reinfarction was diagnosed when a second elevation in cardiac enzymes occurred over the previous baseline or when a definitive clinical event occurred in the absence of enzymes. Repeat cardiac enzymes were obtained whenever a clinical event occurred suggesting severe recurrent ischemia. Congestive heart failure was recorded when one of the following events was documented: pulmonary edema on chest radiograph, rales more than bibasilar, or requirement for inotropic support. Recurrent ischemia was defined as symptoms compatible with myocardial ischemia for more than 20 minutes associated with new ST segment or T wave changes on the electrocardiogram or the need for emergency revascularization before the catheterization between day 5 and day 10.
Other clinical variables and definitions have been reported.'7-19 As a summary measure of overall patient risk, a modified "TIMI not low-risk" classification was devised.26 Patients were classified as not low risk if they had at least one of the following characteristics: age of more than 70 years, anterior infarction, atrial flutter or fibrillation, systolic blood pressure of less than 100 mm Hg and sinus tachycardia (rate more than 100), rales more than half way up the back, pulmonary edema, or previous infarction. Bleeding complications were classified in several ways, as previously described.27 Admission and nadir hematocrits were recorded as well as all blood product use during the hospitalization. Spontaneous or puncture-related bleeding sites were observed by study nurses throughout the hospital course. We used an index to characterize the extent of blood loss as proposed by Landefeld and colleagues28-change in hematocrit from admission to nadir divided by 3 plus number of units of packed red blood cells transfused. Angiographic Core Laboratory All angiograms were reviewed by the Core Laboratory, University of Michigan, Ann Arbor, Mich.
ing effect of 8-blockers on left ventricular function.
Acute and predischarge coronary angiograms and left ventriculograms were analyzed by investigators blinded to treatment assignment. Parameters measured included TIMI grade on first injection, TIMI grade on first injection after 90 minutes, TIMI grade and visual luminal diameter narrowing on the "final diagnostic angiogram," visual luminal diameter narrowing of non-infarct-related coronary artery segments, global left ventricular ejection fraction determined by the area-length method,29 and regional left ventricular function determined by the method described by Sheehan et al.3dl
Statistical Analysis
Statistical analysis was performed at the TAMI Coordinating Center, Duke University Medical Center, Durham, N.C. The patient enrollment planned for the study was 450 patients with technically adequate 5-10-day ventriculograms with equal alloca-tioIis to each of the six combinations of drug regimen and angiographic strategy. This sample size was required to detect an effect of either treatment strategy (drug or catheterization) of four ejection fraction points with an SD of 11 ejection fraction points, a power of more than 0.80, and an a of 0.05. Based on previous TAMI trials, a satisfactory ventric-ulographic acquisition rate of 80% was projected, requiring a total enrollment of 550-575 patients.
The primary hypothesis of the trial was that the combination drug therapy and aggressive catheterization strategy would lead to better global left ventricular function as nmeasured by ejection fraction. Analysis of this hypothesis was performed using two-way analysis of variance with drug regimen, angiographic strategy, and their interactions as effects. The analysis strategy proceeded along the following stages. First, the treatment groups were compared for any overall differences with a 5 df test. If evidence for any differences was found, tests for treatment interactions were then performed. These tests assessed whether differences among drug regimens depended on which angiographic strategy was used and whether differences among angiographic strategies depended on which drug regimens were used. If no interactions were found, the drug effects and angiographic effects (the "main" effects of the strategies) were quantified and tested.
To reduce the risk of spurious findings, statistical testing using the strategy outlined above was limited to the primary hypothesis and five secondary hypotheses specified in the design of the trial. The major secondary hypothesis was that the combination of drug therapy and aggressive catheterization would reduce adverse clinical outcomes combined into a composite clinical end point. This end point assigned a ranking to the worst event for each patient during the initial hospitalization using the following ordered levels: death, stroke, reinfarction, recurrent ischemia or heart failure, and none of the above. 31 The ranking was based on a survey of the participating investigators and has subsequently been verified in a large independent sample of cardiovascular specialists.31 Treatment effects with respect to the composite clinical end point were assessed using ordinal logistic regression and the analysis strategy outlined above. Supporting analysis based on a simple dichotomy of whether any of the above clinical end points occurred was performed using binary logistic regression analysis. Other secondary end points tested included regional left ventricular function (infarct and noninfarct zones), infarct artery patency, and bleeding event rates.
For continuous end points (ventricular function and bleeding index), two-way analysis of variance was used. For comparison of follow-up patency rates, binary logistic regression was used. Among patients randomized to the aggressive catheterization strategy, acute patency rates and reocclusion rates among the drug groups were compared using conventional X2 analysis. All end points (primary and secondary) were examined according to the principle of intention to treat. For descriptive presentation of the data, continuous baseline and outcome variables were summarized using the mean and SD, whereas discrete variables were described in percentages. A safety and data monitoring board met after 200 and 400 patients had been enrolled in the trial. The board remained blinded to treatment groups and examined the data for safety issues only. Formal interim statistical analyses were not performed, and left ventricular function data were not available to the data monitoring board.
Results
Baseline Characteristics
Baseline clinical and angiographic characteristics at the time of first catheterization of the patients categorized by thrombolytic treatment and catheterization strategy are presented in Tables 1 and 2, respectively. Although a balance was achieved with regard to baseline characteristics according to drug therapy, patients randomly assigned to receive aggressive cardiac catheterization had higher risk profiles with regard to a predominance of left anterior descending coronary artery involvement, presence of multiple-vessel coronary disease, and prevalence of patients with non-low-risk characteristics. Otherwise, the study population reflected a distribution of risk factors and baseline characteristics similar to that observed in previous trials of thrombolytic therapy for acute myocardial infarction. Infarct Artery Patency TIMI grade values for the various treatment strategies over time are displayed in Table 3 for patients randomized to receive aggressive catheterization. Patients treated with urokinase had lower patency rates at initial angiography, whereas the combination treatment resulted in the highest patency rates. As time elapsed, the patency rates became more similar in all three drug strategies, particularly with contrast injections. The minimal luminal diameter in patients with patent arteries was greatest in the combination group. The use of rescue angioplasty increased the patency rate to more than 90% at the time of leaving the catheterization laboratory in all of the aggressive catheterization groups. Predischarge infarct artery patency values are given in Table 4 . At the time of hospital discharge, patency rates were higher in patients treated with early catheterization, although patency rates in all groups exceeded 85%. The high late patency in the delayed catheterization group resulted in part from the use of angiography and angioplasty in patients with occluded infarct-related arteries when ongoing ischemia or hemodynamic dysfunction was present.
The use of rescue angioplasty in the aggressive arm as a treatment strategy allowed specific evaluation of the impact of this procedure on patency. Of 69 patients with occluded vessels at acute catheterization, 52 underwent rescue angioplasty, two immediately received emergency coronary artery bypass graft surgery, and 15 were treated conservatively because of anatomy unsuitable for angioplasty or insufficient myocardium at risk to merit the procedure in the judgment of the clinician. The median time to rescue angioplasty from symptom onset was tp=0.349 (2 df) for any overall differences. tp=0.04 (2 df) for any overall differences. 331 minutes (range, 192-606 minutes). The procedure was successful (50% or less residual stenosis) in 43 patients and established patency with more than 50% residual stenosis in three patients. In six patients, the artery remained occluded despite attempted angioplasty. Reocclusion occurred before hospital discharge in six of the patients with patency at the end of the initial rescue procedure. None of the patients treated with combination therapy undergoing successful rescue angioplasty experienced reocclusion during the hospital course.
Left Ventricular Function
As displayed in Table 5 , the majority of patients had well-preserved left ventricular function. No significant differences were evident with regard to global left ventricular function for any treatment strategy (p=0.98). No differences in infarct zone regional function were found among drug strategies. However, a difference in infarct zone function in favor of the early catheterization group was found at the time of hospital discharge (p=0.004). No interaction with drug strategy was observed, and no differences in noninfarct zone regional function were observed (p=0.78).
Clinical Outcomes
With regard to frequently reported clinical outcomes, a trend in favor of combination therapy was observed for each end point ( Table 6 ). Mortality and reinfarction rates were low in all groups. The major differences in outcome for pharmacological treatments were the lower rates of recurrent ischemia and reocclusion in patients treated with combination therapy.
When the composite clinical end point (e.g., death, stroke, reinfarction, heart failure, or recurrent ischemia) using the ordinal scale was evaluated, definitive evidence of an overall difference was found (p=0.013). Patients treated with the combination therapy (p=0.024) and aggressive catheterization (p=0.016) had a lower rate of events compared with those of patients receiving other drug and catheterization regimens, respectively. The highest rate of freedom from any event was observed in the group treated with both combination therapy and aggressive catheterization (72%), whereas the lowest rate of freedom from any event was observed in the group treated with urokinase without aggressive catheterization (46%). No treatment interactions were observed. When the same results were analyzed with any clinical event as the end point (without ranking them according to severity), the tests for overall effect (p=0.009), drug effect (p=0.04), and catheterization effect (p=0.003) all remained significant.
Bleeding Complications
The frequency and severity of bleeding complications were similar for all three drug regimens when surgical patients were excluded, except for the slightly higher rate of intracranial bleeding with monotherapy ( Table 7) . One of the episodes of intracranial hemorrhage with t-PA was unusual in that it occurred 13 days after treatment, while the patient was receiving heparin. The transfusion rates of the acute catheterization strategy were similar to those of the deferred catheterization approach. Similar results occurred when all patients were included. As evidenced by the lower nadir hematocrits in the acute catheterization approach, this small difference probably resulted from the strategy of avoiding transfusion unless necessary.
Discussion
These findings point to the promise of pharmacological approaches for stabilization of the ruptured atherosclerotic plaque and to the potential for specifically targeted mechanical approaches to augment the beneficial effects of thrombolytic therapy. Overall, with regard to the hospital course, the patients treated with combination thrombolytic therapy and aggressive cardiac catheterization did better in a broad spectrum of outcome measures than patients receiving the other strategies. The combination approach to thrombolytic therapy achieved both rapid and sustained coronary artery patency. The use of acute catheterization as a triage procedure with angioplasty only for occluded infarct arteries resulted in improved infarct zone regional left ventricular function (p=0.004) and a lower rate of combined negative end points (p=0.016) during the hospitalization. If a noninvasive method of detecting reperfusion can be achieved, this trial demonstrates that a strategy of selective intervention in patients with persistently occluded infarct arteries holds substantial promise to reduce negative clinical outcomes and improve regional left ventricular function.
Baseline Characteristics
By chance, a higher proportion of patients randomized to the aggressive strategy was high risk based on clinical characteristics devised by the TIMI trial26 and based on angiographic findings. Coincidentally, the patients randomized to the aggressive strategy in TIMI 223 and the European Cooperative Study24 also were higher-risk patients at baseline. Patients at high risk because of old age, cardiogenic shock, or prior coronary artery bypass graft surgery were excluded from the trial. Thus, the results cannot be extrapolated to all patients with acute myocardial infarction but must be confined to patients meeting the entry criteria.32-34
Early Patency
The trends in early patency rates in the present trial reflect the findings expected based on previous studies.47,8 Regimens including t-PA can be expected to achieve higher early patency rates compared with monotherapy with nonspecific fibrinolytic agents. The more rapid infusion of t-PA in the first hour in the combination group may explain the trend toward higher early TIMI grades with this regimen.35 Some recent studies have found an excellent overall result with "front-loaded" t-PA,36,37 raising the issue of whether the observed benefit of the combination therapy was a result of the t-PA regimen instead of the addition of urokinase. The combination therapy, however, did not surpass the patency rates observed with t-PA alone at 90 minutes. Despite the impressive effect of the combination therapy on the breakdown of hemostatic proteins,17 the regimen did not improve on the previous "ceiling" of 70-80% in early patency rates. The mechanism for resistance to early patency in 20-30% of patients remains elusive, although recent information suggests that complex plaque architecture with intraplaque hemorrhage may account for failure to reperfuse,38 a cause that would not respond to more powerful thrombolytic therapy. Other possible causes of failure to reperfuse include platelet-rich thrombi,39 inadequate drug delivery resulting from flow patterns, and resistance resulting from inhibitors of the plasminogen activators.
Reocclusion
The mechanism by which the combination prevented reocclusion remains speculative, although this outcome is consistent with our previous findings from the TAMI 2 pilot study. 16 Overall, the reocclusion rate in the TAMI studies of 601 patients with t-PA monotherapy is 13.5% (95% confidence limits, 10 .8% and 16.2%) compared with 6.8% (95% confidence limits, 3.0% and 10.5%) in 176 patients receiving urokinase monotherapy and 6.3% (95% confidence limits, 2.8% and 9.8%) in 189 patients receiving combination therapy. Several mechanisms may be operative. First, our previous research has demon- *p-O.OO9 for overall differences by binary logistic regression and p=0.013 by ordinal logistic regression (5 df).
tp=0.005 for catheterization strategy by binary logistic regression andp=0.016 by ordinal logistic regression (1 df). p=-0.04 for drug strategy by binary logistic regression and p=0.024 by ordinal logistic regression (2 df).
strated that the production of fibrin(ogen) degradation products is associated with a reduction in reocclusion rates in patients treated with t-PA. 40 Basic experiments have demonstrated that fibrin(ogen) degradation products serve as receptor blockers, occupying the platelet glycoprotein IIB/IIIA receptor and thereby inhibiting platelet aggregation.41 Second, the combination produced the beneficial effect of rapidly achieving a wide lumen with the combined fibrinolytic effect, thereby leading to better flow characteristics and less continuing clot formation. The results of this randomized trial are bolstered by previous investigations by our group17 and Verstraete (Juliard et a142) demonstrating a low reocclusion rate with this particular combination and by the almost identical findings of Grines and colleagues43,44 using t-PA and streptokinase in combination. The low reocclusion rates observed in all groups may have been aided by the routine use of aspirin,45 intravenous heparin,4647 and possibly nitrates and calcium channel blockers.
Left Ventricular Function
The results with regard to left ventricular function confirm those of previous studies demonstrat-ing the absence of major differences in global left ventricular function despite differing early patency rates. Randomized trials comparing t-PA with streptokinase13-16,48 and urokinase6 have failed to demonstrate differences in global left ventricular function despite consistently higher acute reperfusion rates with fibrin-specific therapy. Collectively, these trials raise the important issue of whether resting left ventricular function is an adequate end point with which to compare the clinical efficacies of reperfusion strategies.3149 Many recent studies have demonstrated the possibility that the mortality reduction resulting from reperfusion occurs to a great extent because of factors other than left ventricular function as currently measured.2,50 These potential mechanisms include more salutary infarct healing with favorable remodeling of the ventricle, scaffolding of the ventricle, and reducing the risk of sudden death resulting from a favorable influence on electrophysiological properties of the myocardium.
We hypothesized that the aggressive catheterization strategy would lead to improved infarct zone function because rescue angioplasty would achieve patency in arteries refractory to opening with throm- bolytic therapy. Previous studies have demonstrated that measurement of global left ventricular function may underestimate the impact of reperfusion strategies on tissue within the area of myocardium undergoing infarction. The zone of myocardium remote from the infarction frequently becomes hypercontractile during the acute phase. This compensation tends to diminish differences in overall ejection fraction measurements.51, 52 The differences in regional function between the catheterization strategies represent a substantial biological effect, despite the lack of difference in global left ventricular function. However, the clinical significance of regional infarct zone function has not been clearly demonstrated.
Clinical Outcomes
The clinical courses of patients given combination thrombolytic therapy were more benign than those of patients treated with other strategies. The risks of recurrent ischemia, reocclusion, and intracranial hemorrhage were lowest in patients treated with the combination. When the composite clinical end point was used, an uncomplicated hospital course was substantially more frequent with the combination (p<0.024), particularly when patients also had an acute catheterization.
Interpretation of the clinical end point when considering early catheterization must be tempered with judgment regarding the degree to which early catheterization of all patients should be regarded as a negative feature of the aggressive catheterization strategy. In essence, in our analysis the need for emergency or urgent catheterization beyond the first several hours of the infarction is counted as a negative end point in both groups. On the other hand, the acute catheterization used in all patients in the aggressive strategy is not counted as a negative end point with the composite end point. Furthermore, the in-hospital mortality rate was higher, although not significantly, in the aggressive group, like in all previous trials. 18, 2324 In all of these trials, however, the difference has narrowed53 or reversed54,55 in followup. The major positive impact of the aggressive strategy was in reducing the incidence of severe recurrent ischemia mandating further intervention. The relative value of avoiding these events during the hospital course compared with undergoing immediate catheterization must be balanced when applying these therapeutic strategies to clinical practice.
The composite clinical end point was developed to provide a sensitive measure of differential clinical benefits in trials not primarily designed to assess mortality differences. The ordinal scale was developed by a consensus process of the investigators without knowledge of the trial results. The ranking of death, stroke, and reinfarction was unanimous among the investigators. Although for this trial, the composite end point remains statistically significantly different for drug and catheterization strategies (p<0.05) regardless of whether the ordinal scale is used, we prefer the ordinal ranking because it conforms to standard clinical thinking by assigning greater importance to more serious end points.
Bleeding
Bleeding complication rates were similar in the present trial regardless of the thrombolytic regimen used, confirming our previous pilot study results that the combination of t-PA and urokinase is not associated with a higher rate of bleeding compared with monotherapy. 17 The high intracranial bleeding rate with t-PA and urokinase monotherapy is of concern, but the sample size is far too small to reliably estimate the true rate. Experience with more than 5,000 patients treated with the same dosage regimen of t-PA used in the present study has demonstrated an intracranial hemorrhage rate of only 0.5%,55 and similar results have been reported for urokinase. A surprising finding of the present study was that the transfusion rates were not higher after acute catheterization compared with the deferred strategy. This finding apparently resulted from the strict criteria for transfusion established in the protocol by concensus of the investigators. The guidelines were developed in view of previous results from the TAMI and TIMI trials27,56'57 showing a potentially excessive rate of transfusion in patients receiving acute catheterization with no evidence of benefit. The bleeding index confirms that more bleeding (presumably periaccess) occurred in the acute catheterization group but that clinically significant bleeding was rare.
Limitations
Because of logistical issues, neither the drug nor the catheterization strategy could be blinded. In an effort to minimize the effect of this problem, criteria for clinical decision making were objectively specified in the study protocol, and careful monitoring for bias occurred throughout the trial. The sample size of this trial was designed to assess differences in left ventricular function (four ejection fraction points) at a time when the effects of earlier and sustained patency on global left ventricular function were considered to be more profound. Recent data suggest that the effects of thrombolytic therapy on left ventricular function measurements are dissociated from their effects on clinical outcomes. 31, 49 For this reason, left ventricular systolic function measures will probably not be acceptable as the only primary end points for future trials and alternative clinical outcome measures such as the composite clinical end point used in the present trial will be required. Furthermore, the techniques of intravascular intervention are continuing to evolve, so current clinical trials should be regarded as benchmarks in an evolving effort to achieve and sustain infarct artery patency while minimizing risk, whether mechanically or pharmacologically. Finally, sample size limits the extent to which important end points such as death, reinfarction, and stroke can be evaluated.
Conclusions
In concert with other studies, the TAMI 5 trial supports the concept that fibrin specificity leads to more rapid achievement of patency of the infarct artery, but over time patency rates will "catch up" after treatment with a nonspecific agent. Agents without fibrin specificity produce a slower rate of infarct artery patency but lead to similar predischarge left ventricular function. The lack of an increase in bleeding complications for combination therapy is noteworthy and is probably related to the briefer duration of t-PA therapy.43,58'59 These results provide substantial evidence that a combination of a fibrin-specific agent to achieve patency as quickly as possible concurrent with a nonspecific agent to prevent reocclusion will lead to the best clinical outcomes. Whether the effect of urokinase in this combination can be equalled by streptokinase43'44 or a potent antiplatelet60 or antithrombin agent61 remains to be seen.
The overview of catheterization strategies reveals a mixture of differences and similarities among our study and previous randomized trials. Cardiac catheterization was associated with a statistically insignificant increase in the risk of early death but, when performed in the acute phase, led to a substantially lower incidence of subsequent recurrent ischemia. Importantly, the present study and other studies evaluating emergency cardiac catheterization in patients with acute myocardial infarction have not had sufficient power to evaluate mortality differences. The 20% improvement in regional infarct zone function suggests that the aggressive strategy preserves myocardium, although the prognostic significance of regional function improvement without improvement in global function remains uncertain.
In contrast to recent trials26'62 using different strategies, results of the present study underscore the potential value of a more aggressive posture toward patients with evolving myocardial infarction, with regard to both combination thrombolytic therapy and acute-phase cardiac catheterization. The improved in-hospital outcomes after the acute phase of the infarction with the more aggressive strategy must be weighed against the cost and logistical issues involved with this strategy and the possible increase in early mortality when individual treatment decisions are made. Furthermore, these results do not pertain to the sizable proportion of patients who were excluded from this trial, many of whom have poor prognoses33'34 and may benefit from early catheterization. Perhaps more important, the positive findings point to the possibility for even more effective solutions to the goal of establishing early infarct vessel patency and maintaining long-term patency. Pharmacological approaches can stabilize the disrupted atherosclerotic plaque, thus substantially reducing the risk of reocclusion and recurrent ischemia. If noninvasive methods of detecting reperfusion can be developed,63'64 mechanical techniques in the most appropriate pharmacological environment can be targeted to specific patients who will benefit because the acute catheterization strategy used in the present study was primarily oriented toward the use of rescue angioplasty to open infarct arteries that had failed to reperfuse.
